The present experiments were undertaken to see whether antigen-antibody reaction in mast cell is a local reaction or a kind of integral reaction spreading over the whole cell, and also to determine whether the site of the reaction is inside or outside of the mast cell, using two types of antigen-antibody reaction: <I>1</I>) applying antigen to the mast cell of an actively sensitized rat, or to the mast cell sensitized passively in vitro with homologous antibody, and <I>2</I>) applying a rabbit anti-rat serum to the non-sensitized mast cell. Antigen and antiserum were applied by means of microelectrophoresis, topically or diffusely on the cell surface or intracellularly, to a single rat mesentery mast cell.
Several observations (1) (2) (3) (4) (5) have suggested that an antigen-antibody combination takes place on the mast cell surface this triggering the cellular processes leading to histamine release and morphological changes in the mast cells. It is as yet unknown whether or not intracellular antigen-antibody-induced histamine release can be precluded, in any type of immunologic reaction in mast cells. Even though an antigen-antibody combination takes place on the mast cell surface, a question arises as to whether the reaction occurs over the whole cell membrane in all-or-none fashion or at a limited portion where antigen is applied locally. Recent findings (6) (7) (8) (9) indicate that both degranulation and histamine release from a single rat mast cell can be provoked locally on the cell surface at the site of topical applica tion of chemical histamine releasers by means of microelectrophoresis, while these reactions are not induced by their intracellular applications (6, 7, 9) .<BR>
The present experiments were undertaken to see whether antigen-antibody reaction in mast cell is a local reaction or a kind of integral reaction spreading over the whole cell, and also to determine whether the site of the reaction is inside or outside of the mast cell, using two types of antigen-antibody reaction: <I>1</I>) applying antigen to the mast cell of an actively sensitized rat, or to the mast cell sensitized passively in vitro with homologous antibody, and <I>2</I>) applying a rabbit anti-rat serum to the non-sensitized mast cell. Antigen and antiserum were applied by means of microelectrophoresis, topically or diffusely on the cell surface or intracellularly, to a single rat mesentery mast cell.
MATERIALS AND METHODS
Wistar rats (male, 200-250 g) were sensitized with I mg of egg albumin (Albumen egg , powder, BDH Chemicals), intramuscularly, and Bordetella pertussis organisms (2 x 101'), intraperitoneally. Mesentery pieces, and blood serum for passive sensitization, were ob tained between 12 and 18 days after sensitizing injection. In the passive sensitization , small pieces of non-sensitized rat mesentery were immersed in a sensitized rat serum for 20 min at 4 C (3). Rabbit anti-rat serum (AS) was obtained from rabbits which had been given 9 intravenous injections of I ml non-sensitized rat serum every other day , exsanguinated 10 days after the last injection and stored in small aliquotes at 20 C. Both egg albumin and AS were dissolved in normal saline to make up 5 and 15 % , solution, respectively, and filled in micropipettes by the method of Tasaki et al. (10) . Thereafter, a silver-silver chloride wire (60 to 70 !t diameter) was inserted into the micropipette and cemented . The tips of micropipettes were 0.1 to 1.5 It in diameter; for the intracellular application the tips were less than 0.2 i. The electric resistance of the microelectrodes used ranged from 9 to 200 M Q2 . Rat mesentery, either sensitized or non-sensitized , was excised and washed in normal saline. A piece of mesentery was stretched gently over a filter paper which was cut out in a small ring (10 mm inside, 15 mm outside diameter). This was transferred into a small glass chamber (18 mm diameter, 3 mm depth), which was made by pasting a coverglass on one side of a round-holed slide-glass, and submerged in oxygenated Tyrode solution at 30 to 32''C. Tips of the micropipettes were placed close to the surface of mast cell beneath the serosa or impaled into the mast cell by the aid of a micromanipulator under an invert-type phase contrast microscope (Olympus PMB 480 , ). An ejection of egg albumin or AS, dissolved in saline solution, from micropipette was done by iontophoresis applying D.C. or repeating square waves of current to the microelectrode which was connected to the anode . A counter electrode made of silver-silver chloride plate was immersed in the bath medium . Stimulus-current was monitored on a cathode ray oscilloscope as a voltage drop across a resistance of 100 ku .
The histamine fluorescence in the mast cells was displayed with a modification of the original method of Shelly et al. (11) . The mesentery piece was taken out of the medium after the completion of antigen-antibody reaction, blotted with a filter paper and dried using an electric hair drier at 35 C. One drop of 1 o-phthalaldehyde dissolved in ethylbenzene was applied to the mesentery piece, which was then transferred into 100 humidity chamber and allowed to stand at room temperature for 4 min. The mesentery piece was re-dried as before and mounted in tetrahydrofurfuryl alcohol. A fluorescence microscope equipped with a high pressure mercury lamp (Toshiba SH 200) and an excitation filter allowing a peak excitational spectral energy of 3650A (Nikon-V) was used. In a normal mast cell homogeneous histamine fluorescence appeared bright yellow, with sharply delimiting contour corresponding to the mast cell against a dark blue background. After complete removal of tetrahydrofurfuryl alcohol, the specimen was fixed with Carnoy solution and stained in alcohol thionine. Metachromatic granules were seen as a reddish violet color, more re markable in degranulated or damaged mast cells, indicating the presence of sulfated mucopolysaccharide (heparin) (12) . became blurred and normal structures could hardly be seen. Fluorescence of the mast cell was confined to the area which escaped degranulation, and its intensity was almost the same as that of the control cell. None of the extruded granule displayed fluorescence (Fig. I /. When antigen was applied extracellularly to a passively sensitized mast cell, and also when AS was applied in the same manner to a non-sensitized mast cell , similar morphological changes were induced. The degranulation was localized to a limited portion of the cell where antigen or AS was applied (Figs. 2, 3) . In each type of experiment, local degranulation was found in almost all cases. When saline alone was applied locally in similar fashion to a sensitized or non-sensitized mast cell, no morphological change was seen. The fluo rescent view of the partially degranulated mast cells in both cases was also similar to that seen in the mast cell subjected to the active antigen-antibody reaction. In common to all these types of local antigen-antibody reactions, thionine staining showed a faint reddish violet color (metachromasia) in the degranulated area as well as in the granules extruded out of the cell margin, while a deep violet color was seen in the portion of the cytoplasm where an intense fluorescence was observed (Fig. I This might be due to the difference in the amount of antigen delivered, since in the ex periment of these workers, the concentration of antigen filled in the micropipettes was 50 to 100 1,,g; mI while that used in our experiment was 5"(, (1-2 : 1 ,000). They also noticed degranulation when antigen was given using a coarse pipette.
RESULTS

When
Intracellular applications of egg albumin to the sensitized mast cell, either actively or passively, and of AS to the non-sensitized mast cell, both did not cause degranulation nor probably histamine release as judged from unchanged fluorescence intensity, although minor morphological changes might be observed in cytoplasm. In these experiments, an effort was made to adjust the electric current to the electrode, which controls an efflux from the micropipette, to he not much different from that in the experiment of extracellular appli cation. This had to he limited since an excessive current given to either antigen or saline electrode could cause result in rupture of the mast cell. These experiments indicate that the antigen or AS injected intracellularly is not capable of inducing degranulation nor his tamine release. This implies that these reactions induced in rat mast cells by these two different immunologic methods are initiated at the locus of antigen-antibody union on the surface of membrane, but not inside the cell membrane or in cytoplasm.
Similar observations of such local reactions have been reported by the present authors with the microelectrophoretic applications of basic histamine releasers (6, 9) , ATP (7, 9) , and a-chymotrypsin (9) . These series of observations suggest that there may be no fun damental difference in the triggering process leading to histamine release and degranulation between chemical substances and antigen-antibody reactions, although some differences are 
